Background: Mortality associated with severe acute malnutrition (SAM) could be reduced by screening malnourished children for those most vulnerable to death. We compared the weight-forheight Z score (WHZ) and mid-upper arm circumference (MUAC) as predictors of mortality in children with SAM. Methods: We conducted a retrospective study spanning over 8 years, using records of children aged 6-59 months, hospitalized for SAM and discharged alive or who died during hospitalization. 95.5%, specificity: 25.0%, positive likelihood ratio (PLR): 1.27, negative likelihood ratio (NLR): 0.18] than WHZ (sensitivity: 86.4%, specificity: 21.4%, PLR: 1.10, NLR: 0.64). Best MUAC and WHZ cut-offs for predicting death (10.3 cm and -4, respectively) were most accurate in infants aged <12 months, the former being more accurate. Conclusion: MUAC predicts death better than WHZ in children with SAM.
B A C K G R O U N D
Malnutrition is responsible for >50% of deaths in children <5 years of age [1] . About 3.1 million of these deaths occur per year [2] , with >500 000 of them being preventable [3] . Severe acute malnutrition (SAM) is among the deadliest forms of malnutrition [4] , linked with a disturbing mortality rate of 54% in the paediatric age group in developing countries [5] .
Diagnosis of SAM is done using the mid-upper arm circumference (MUAC) or weight-for-height Z score (WHZ) as recommended by the World health organization (WHO) [6] . Obtaining WHZ involves weight and height measurements and plotting these values on growth charts, making it a lengthy and difficult process. MUAC is relatively cheap, easier to obtain and less time-consuming, explaining its greater use over WHZ in certain settings. Early diagnosis of SAM is vital in the management and reduction of mortality associated with the disease [4] . Therefore, the ability to screen and identify severely malnourished children at greater risk of death could help reduce the mortality associated with SAM, as the treatment of such children could be started earlier and more vigorously to avert death. MUAC and WHZ have been shown to reliably predict outcome in severely malnourished children and could aid in identifying those at greater risk of death [7] [8] [9] [10] [11] . Studies done in several developing countries suggest that MUAC is a better indicator of mortality in severely malnourished children than WHZ [7, 8, [10] [11] [12] . A Cameroonian study carried out on neonates showed that MUAC 9.5 cm was most predictive of early postnatal morbidity and mortality [13] . The aim of our study was to compare MUAC and WHZ as predictors of mortality in severely malnourished children aged 6-59 months in the Cameroonian context.
M E T H O D S

Study design and protocol
The study was a retrospective cross-sectional analysis, over a period of 8 years (January 2006 to January 2014) and carried out at the inpatient malnutrition unit of the Yaounde Gyneco-Obstetric and Pediatric Hospital, a referral Hospital in Yaounde, Cameroon. We included records of children aged 6-59 months with SAM as diagnosis of entry, and hospitalized within the period studied. We excluded from the study, records of children with conditions (such as anasarca, lumbar scoliosis) that could falsify anthropometric measurements, records of children discharged against medical advice (sick or non-sick) and incomplete records. Variables noted from the records retained were age, height, weight, MUAC and the outcome of hospitalization (discharged alive or died during hospitalization).
Cases considered were those of marasmus (WHZ < À3 and or MUAC < 11.5 cm) and marasmic kwashiorkor (lower limb oedema associated to MUAC < 11.5 cm or WHZ < À3).
We obtained authorization for the study from the hospital's directorate and ethics committee.
Sample size
Using recent estimates on the prevalence of SAM in Cameroon, 1.96% [14] , a minimum of 30 medical records were needed to obtain a statistical power of 95%, with a significance level of 0.05. Receiver operating characteristics (ROC) curves (graphical representation of the relationship between a screening test and a defined outcome measure) were generated for WHZ and MUAC and used to obtain cut-offs that best predicted death. The ability of WHZ and MUAC to predict death was estimated by calculating the area under the curve (AUC). The AUC portrays the reliability of a screening method to distinguish between patients who have the outcome measure and those who do not. AUC of 1 represents a perfect test, values of 1-0.9 reflect an accurate test, values > 0.8 reflect a useful test, values of 0.7-0.6 reflect a poor test, values <0.6 reflect a test that is not useful for prediction.
Statistical analysis
R E S U L T S
A total of 179 medical records were retrieved, with 106 retained for analysis (Fig. 1 ).
Study population
From the 106 records retained, 57 (54%) were those of female children and 49 (46%) those of males, giving a sex ratio of 0.9. Ages varied from 6 to 52 months, with the 6-12 months age group being the most represented (57%). Of the 106 children, 22 died during hospitalization, giving a percentage of death of 21% (Table 1) .
WHZ vs. MUAC as predictors of mortality
Of the 22 cases who died during hospitalization, 21 had MUAC < 11.5 cm, giving a sensitivity of 95.5%. Of the 84 cases discharged alive, 22 had MUAC ! 11.5 cm, hence a specificity of 25.0%. MUAC predicted death with positive and negative likelihood ratios of 1.27 and 0.18, respectively. WHZ predicted death with a sensitivity of 86.4% (19 of the 22 cases who died during hospitalization had WHZ < À3), specificity of 21.4% (18 of the 84 cases discharged alive had WHZ ! À3), positive likelihood ratio of 1.10 and a negative likelihood ratio of 0.64 (Table 2) .
The ability of WHZ and MUAC to predict death was evaluated by calculating the area under respective ROC curves (Fig. 2) . The AUC for MUAC was 0.809 (0.706-0.911, 95% CI, p ¼ 0.001), and for WHZ 0.649 (0.524-0.774, 95% CI, p ¼ 0.032) ( Table 2) .
MUAC and WHZ cut-offs that best predicted death were estimated using respective ROC curves. These corresponded to a point closest to the upper left hand corner of the curve (high sensitivity and low 1 À sensitivity). It was estimated at a MUAC of 10.3 cm, which predicted death with a sensitivity of 77.3% and 1 À sensitivity of 28.6% (Fig. 3) and WHZ of À4, which predicted death with a sensitivity of 59.1% and 1 À sensitivity of 31.0% (Fig. 4) .
The accuracy with which these cut-offs predicted death varied per age group, being most accurate within the 6-12 months age group. No difference existed in their ability to predict death in children >24 months of age (Table 3) .
D I S C U S S I O N
Our study suggests that MUAC < 11.5 cm is a better indicator of mortality than WHZ < À3, in severely malnourished children aged 6-59 months. These results were similar to those obtained by Beckley et al. in Kenya [7] . Mwangome et al. in the Gambia working on infants aged 6-14 weeks also obtained results suggesting that MUAC predicts death better than WHZ [8] . Similar findings were equally obtained in other developing countries [9] [10] [11] . Gozal et al. in Cameroon though working on neonates had results suggesting that MUAC was most indicative of early postnatal mortality and morbidity [13] . A plausible explanation to these similarities in findings could be the fact that WHZ is lower in children with long legs [9] and higher in those with large chest or abdominal circumferences [16] . However, children with long legs are usually healthier [17] and those with large chest or abdominal circumferences are unlikely to have larger nutritional reserves, and more specifically higher muscle mass. This is likely to weaken the link between WHZ and survival, thereby making it less accurate in predicting death. This extra advantage of MUAC (as a predictor of mortality) could be of importance to clinicians, in helping them identify malnourished children at greater risk of dying. In addition, recent WHO guidelines and studies carried out in some developing countries support the use of MUAC alone as a tool for community-based screening and management of SAM [6, 18, 19] . On the other hand, secondary review of data from a survey in Rural Niger concluded on the fact that a single diagnostic criterion (MUAC < 11.5 cm) is not appropriate enough in targeting severely malnourished children in most urgent need of treatment [20] .
We obtained a MUAC of 10.3 cm as the most accurate MUAC predictor of death. This cut-off was similar to that obtained by Vela et al. in Uganda [21] , where the most accurate cut-off for predicting death was a MUAC 10.5 cm. A similarity probably owing to the fact that Vela et al. worked on infants all aged <12 months, an age group that made up more than half of our study population. The most accurate WHZ cut-off for predicting death in our study was À4. The accuracy of these cut-offs varied with age group. This could be explained by the fact that MUAC and body proportions affecting WHZ increase with age. As a result, using fixed cut-offs, not adjusted for age, could cause variations in the accuracy of these cut-offs to make out vulnerable children of different age groups. The accuracy with which the WHZ cut-off predicted death was lower than that of the MUAC cut-off, supporting the fact that MUAC is a better indicator of mortality and could aid in identifying with greater accuracy than WHZ, children with SAM at elevated risk of death. These findings suggest the frequent use of MUAC for screening for risk of mortality in SAM.
L I M I T A T I O N S
Given the retrospective nature of our study, we had no control over the method and accuracy used for obtaining the anthropometric measurements. However, with our study site being a reference and university teaching hospital, with a dedicated malnutrition unit, we remain confident on the accuracy of these measurements. We equally did not take comorbid conditions into consideration during our analysis, and therefore cannot be entirely sure on MUAC and WHZ being independent criteria for predicting death in children with SAM.
C O N C L U S I O N SAM is a major killer of children in developing countries. A simple and easy-to-administer screening test for determining risk of mortality in children with SAM could aid in reducing the mortality associated with SAM. Our results agree with those from other studies on MUAC being a better indicator of mortality than WHZ in severely malnourished children. Our results also suggest that MUAC 10.3 cm could be regarded as the most accurate predictor of mortality in severely malnourished children. However, confirmation of this finding via more studies will be necessary before its adoption and use.
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